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INTRODUCTION
Flexure and Torsion (F&T) of the embryonic body axis are two
simultaneous morphogenetic events that occur during early
development. Both are crucial to the development of the fetal
position, which can be observed in avian and mammalian
embryos. Proper progression of F&T is vital for the normal
development of the heart and other organs. While torsion
describes twisting of the whole body, embryonic flexure can be
classified into three components: cranial, cervical, and thoracic
(Figure 1). In this study, we focus on cervical flexure and
torsion. Differential cell proliferation, the difference in the rate
of cell division between distinct regions in the developing
embryo, is one mechanism hypothesized to have an influence
on F&T. Previous studies have observed thickening of the
dorsal midbrain relative to the ventral midbrain during cranial
flexure [1]. In mouse embryos, it has been shown that
differential growth could cause torsion of a body axis confined
to an attached yolk sac [2].

METHODS (cont.)

RESULTS (cont.)
Compared with controls, (n=46), embryos incubated in 400 µM
AP (n=18) flexed and rotated less (Figures 4, 5).

Figure 2. Quantitative scheme used for scoring the
degree of cervical flexure. Embryos were scored from 0,
in which no flexure occurred and the embryonic body
axis was a straight line, to 4, in which cervical flexure
was nearly complete.
Figure 5. Ventral view of control embryo at t=0 (A) and
t=10h (B) shows normal flexures (white dotted lines) and
rotation (eyes are indicated by white arrowheads). Ventral
view of embryo incubated in 400 µM AP at t=0 (C) and
t=10h (D) shows inhibited flexure (white dotted lines) of the
cervical region and inhibited rotation. The embryo shown
in (C) has approximately the same starting stage as the
control embryo (A).

DISCUSSION
Figure 3. Quantitative scheme used for scoring the
degree of torsion. Embryos were scored from 0, in
which no torsion occurred and the embryonic body axis
was not twisted, to 4, in which torsion was
approximately complete.

RESULTS
Figure 1. Ventral view of control embryo at time t=0 (A),
t=5 (B), and t=10h (C) shows normal flexures (dotted lines)
and rotation (both eyes, indicated by white arrowheads, are
seen at t=0 whereas, after rotation, only one eye is seen at
t=5 and t=10. Scale bar=1mm.
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METHODS
This study uses Hamburger and Hamilton (HH) staging,
which divides the 21-day incubation period of the chick into
46 stages [3]. Fertile white leghorn chicken eggs were
incubated to approximately HH Stage 12 or 13. At these
stages, F&T have just begun to occur (Figure 1). Aphidicolin
(AP), a mitotic inhibitor, was added to the embryo growth
media. The embryos were observed through high contrast
and brightfield images taken at 0, 5, and 10 hours to see if
F&T were repressed. Quantitative schemes were developed
to score the extent of F&T progression from HH 12 to HH
15. Embryos were scored from 0 to 4 based on the degree of
cervical flexure (Figure 2) and were also scored from 0 to 4
based on the degree of torsion (Figure 3). Afterward, the
difference in F&T scores of same embryos at time t=0 h and
t=10 h was calculated to determine the extent of both.

Our preliminary results indicate that differential cell
proliferation could play a role in F&T progression in the
developing chicken embryo. However, it is noted that global
application of AP did impact the overall health of embryos. To
address this, future work currently involves local applications
of mitotic inhibitor to regions of the embryo hypothesized to
play the largest role in F&T development. This is done by
placing small AP-soaked silica gel beads near specific regions
of the embryo.
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